Abstract. The decrease of initial permeability( p,) with increasing frequency is enhanced by CuO addition to MgZn femte. The gradual deterioration of p,with frequency is due to a relaxation phenomenon By measuring the temperature dependence oftan 6 , the activation energy of the relaxation was calculated as approximately 0.43eV. From the results of time disaccommodation, the change in permeability for MgCuZn femte was found to be larger than that of MgZn ferrite. Futhermore, the deterioration of px with time for both ferrites continued for more than 500 hours.
INTRODUCTION
Soft femtes are widely used in electronic equipments, and recently, the demand for highly inductive materials has increased so as to lower prices. MgZn ferrite is used in large quantities because it is highly cost effective. In general, copper and manganese oxides are added to MgZn ferrites in order to achieve high quality. CuO addition is especially effective in lowering the s i n t e~g temperature and core loss at highfrequency. It has, however, a deleterious effect on the stability of initial permeability( p,). CuO addition also causes the deterioration of p, with increasing frequency. This gradual deterioration of p, with frequency is a relaxation phenomenon. The relaxation is presumed to be the delay of the domain wall motion with respect to change in the external magnetic field. It is inferred that the delay of the domain wall motion may be caused by electron migration, cation migration, impurities or by defects. The purpose of this paper is to focus on the relaxation phenomenona in MgZn and MgCuZn femtes, with special reference to the chemical composition and microstructure.
Fenite powders in the Mg0-Cu0-Zn0-Fe20, system were prepared by conventional powder processes. The starting raw materials are commercial grade powders, Mg(OH),, CuO, ZnO, Fe,O,. The above raw materials were weighed and then mixed in a ballmill for 16 hours. Afterwards, the mixed powders were dried, calcined at 9 W C for 3 hours and re-milled using a wet -method for 16 hours. The average particle size of the femte powders was about 1.5 pm. Then, the powders were granulated using 0.6wt% of PVA and pressed into T-10 toroids and disks ( 4 =12mm, d=1.8mm). The green bodies were fixed between 1100 and 1400°C in air, with heating and cooling rate of 300°C per hour in air. Afterwards, the toroids were wound with 20 turns of Cu wire and the disks were electroded using In-Ga or Pt on both faces. The electromagnetic properties were measured using LCR meters (HP 4192A, HP E2377A, YHP 4194A and YHP 4329A). Microstruchlres were observed using optical microscopy (OM) and transmission electron microscopy 0.
RESULTS AND DISCUSSION
The effect of CuO addition on the frequency dependence of p, is shown in Fig. 1 . Fig. 2 and 3 .
Peaks for the MgZn femte are not observed in the temperature range measured but may exist at lower temperatures than -7WC. On the other hand, peaks for the MgCuZn fenite appear within the tested temperature range. The peaks shift to a higher temperature region and the values decrease with increasing frequency. In general, tan 6 is expressed by the Curie-Weiss law in equation (1). The frequency is expressed by equation (2) when tan 6 is maximum. On examining the relationship between the temperature at the tan 6 peak in Fig. 3 and the relaxation time ( r ), good agreement was found with the Arrhenius equation (3).
tan 6 = X , W t /[(l+ X,) + W T ( X , : relativemagnetic susceptibility) .
(1)
Consequently, the activation energy of the relaxation for the MgCuZn ferrite is calculated as about 0.43eV.This value is similar to that found for -0, addition to MgZn femte.
The activation energy for electron transfer in femtes, i.e. for Feh eJ Fe?, is known to be about O.leV [3] , while that for carbon migration in .4rmco iron is about l.OeV [4] . As the value measured here falls between the two. it is reasonable to infer that it is also due to . ' 'i that the relaxation in the MgCuZn ferrite nay be caused by the delay of domain wall motion due to point defects.
logPoP (atm)
The characterization technique for defects in semiconductors [5, 61, involving Fig' Oxygen pressure dependence measurement of electric conductivity dependence on the oxygen pressure(Po,), was used of conductivity.
in the pesent study on the a n d~~C u Z n femtes (Eg. 4j.k W& expected *to recognizethat the MgCuZn ferrite differed from MgZn ferrite in the type, concentration and $ 0.5 anangement of defects. In our experiment the specimens were kept at a given PO, at 700°C I and were measured after 2 hours. Each of them was measured from high-PO, to low-PO, % O (the solid lines), and then from low-PO, to high-PO, (the dotted lines) using the same specimen in each case. In both MgZn and MgCuZn fenites the values from the first a measurement are not in agreement with those from the second measurement. It is supposed g that the specimens formed different phases in the strongly reducing atmosphere and did g not equilibrate sufficiently in 2 hours from low-PO, to high-PO,. At present, variations of 2 -1.5
time and temperature are being investigated to solve this problem. In order to study the effect of microstructures on relaxation phenomena, OM and TEM
were performed. Photo. 1 shows the microstructures of polished and hydrofluoric acid- Fig. 5 The disaccommodation of etched surfaces of MgZn and MgCuZn femtes sintered at 1250°C. It seems that CuO the MgZn femte. addition accelerates grain growth. The large grains of MgCuZn femte contain pores and etch pits. It is supposed that grain growth and pores are related to the decrease of p i with frequency. Furthermore, it is believed that etch pits are initiated by defects. In order to find lattice defects, the nanostructure of these samples was observed using TEV. It was expected that the lattice fringes would be distorted by defects. However, no distortion was witnessed (Photo. 2).
